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CALIFORNIA ENERGY FLOW IN 1978 

In 1978 Ca l i fo rn ia ' s  t o t a l  energy use was very close t o  t h a t  of 
1977. 
contrasted t o  26% f o r  the nation as a whole f o r  the same year. Compared 
t o  1977, Ca l i fo rn ia ' s  use of hydroelectric power increased three-fold as  
the d i r e c t  r e s u l t  of the end of the 1976-77 d rough t .  
e l e c t r i c i t y  usage changed by small measure, +1.6%, -5.8% and +3.6%, 
respect ively.  Oil and gas freed by the increased hydroelectr ic  po ten t ia l  
was used by other end-use sec tors  i n  the s t a t e  w i t h  t ransportat ion taking 
the l a rges t  share. Consumption i n  t h a t  sec tor  increased by approximately 
11%. 

All forms of t ranspor ta t ion  consumed 40% of a l l  energy used as 

Oil ,  gas and 

A conspicuous change in 1978 was the new m i x  of crude o i l  sources. 
Domestic Cal i fornia  production was e s s e n t i a l l y  s t ab le  a t  19% o f  the 
t o t a l ;  foreign imports ch ief ly  from Indonesia f e l l  50%; i n t e r s t a t e  
shipments ch ie f ly  from Alaskan North Slope more than doubled. 
gas supply sources and uses were s imi la r  t o  those of 1977. 
use of natural  gas appears t o  have f a l l e n .  There is some indicat ion of 
fuel switching t o  fue l  o i l s ,  re locat ion of industry t o  other s t a t e s  and 
conservation i n  response t o  escalated fuel pr ices .  Coal continues t o  be 
an in s ign i f i can t  fuel i n  Cal i fornia .  Geothermal contributed l e s s  than 2% 
t o  t o t a l  transmitted e l e c t r i c i t y .  
energy is 4% and f o r  imported power from other s t a t e s ,  20%. 

Natural 
Indus t r ia l  

The comparable figure f o r  nuclear 



I n t r o d u c t i o n  

Energy f low diagrams are use fu l  devices t o  compare supply and end 

use o f  energy f o r  a s ta te,  reg ion  or  country.  

Resource Planning Group a t  the  Lawrence Livermore Laboratory  have 

prepared C a l i f o r n i a  energy f l o w  diagrams f o r  1974, 1976 and 1977.1,2,3 
I n  p repar ing  the 1978 C a l i f o r n i a  energy f low char t ,  the  same data sources 
and conventions have been used t o  assure un i fo rm i t y .  E f f i c i e n c i e s  were 

assumed i n  order  t o  c a l c u l a t e  " re jec ted  energy." Arguments f o r  the  

percent  e f f i c i e n c i e s  used are given i n  Reference 2. B r i e f l y ,  f o s s i l  

power p lants ,  hyd roe lec t r i c ,  geothermal and nuclear sources are 

associated w i t h  33%, 90%, 19% and 33% e f f i c i e n c i e s ,  respec t i ve l y .  I n  
t ranspor ta t i on  25% e f f i c i e n c y  i s  assumed corresponding t o  t he  approximate 

e f f i c i e n c y  o f  the  i n t e r n a l  combustion engine. 75% and 70% were 

a r b i t r a r i l y  assumed i n  the  i n d u s t r i a l  and res ident ia l /commerc ia l  end use 

sectors  respec t i ve l y .  

Members o f  t he  Energy and 

Source of Data 

energy f l o w  diagram. 

Energy Sumnaries prov ided most o f  the  data. 
Summaries e l im ina ted  i n d i v i d u a l  u t i l i t y  data and repor ted  statewide 

t o t a l s  only.  

Tables 1 and 2 l i s t  t he  data sources used i n  p repara t ion  o f  the  1978 
DOE Energy Data Reports and CEC Q u a r t e r l y  Fuel and 

I n  1978 CEC Q u a r t e r l y  

Compi lat ion o f  Data 

h ighes t  p r i o r i t y  among u t i l i t y  customers have been combined and separated 

from i n t e r r u p t i b l e  i n d u s t r i a l .  

p o r t i o n  o f  t h i s  records the  q u a n t i t y  o f  petroleum asphal t  used. 

gas used i n  ammonia prepara t ion  i s  a lso included. 

x lo1' Btu from hydro sources and 37 x 10" Btu from coal  source 
(F igure  1) .  
was der ived from net  exchange i n  i n t e r s t a t e  t rans fe rs ;  power from 

ou t -o f - s ta te  c o a l - f i r e d  p l a n t s  i s  recorded separa te ly  by t h e  CEC. 
Out -o f -s ta te  

Res ident ia l ,  commercial and f i r m  i n d u s t r i a l  customers, a l l  w i t h  

The "Non-Energy" category i s  described i n  Table 2. The major 

Natura l  

Imported e l e c t r i c a l  power t ransmi t ted  across s t a t e  boundaries i s  84 

The t ransmi t ted  e l e c t r i c a l  power f rom imported hydro sources 
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Table 1. 
Data Sources f o r  C a l i f o r n i a  Supply 

Product ion 

Crude O i l  i n c l u d i n g  Federal  

Of fshore  and Lease Condensate 

Associated and nonassociated 

n a t u r a l  gas 

E l e c t r i c a l  Generation (hydro, 

nuclear,  o i l ,  gas, geothermal) 

Imports 

Natura l  Gas 
Fore ign 

Domes t i c 

Crude O i l  ( f o r e i g n  and 

domestic) 

O i l  Products ( f o r e i g n  & domestic) 

Coal 

E 1 ec t r i ca 1 Power 

Exports 

O i l  Products ( f o r e i g n  & domestic) 

Ref. (4 )  

Ref. ( 4 )  

Ref. (5), Tables A, 6, and C. 

Ref. (5 ) ,  Table D 

Ref. (5 ) ,  Table A 
Ref. ( 6 ) ,  Table 13 

Ref. (5), Table M 

Ref. ( 7 ) ,  Table I V  

Ref. (5) ,  Table A 

Ref. (5), Table N 



Table 2. 
Data Sources f o r  C a l i f o r n i a  End Uses 

Net Storage and F i e l d  Use 

N a t u r a l  Gas 

Transpor t  a t  i on 

Crude O i l  
R e f i n e r y  o u t p u t  o f  g a s o l i n e  

a v i a t i o n  f u e l  and j e t  f u e l s  

Taxable d i e s e l  f u e l  ( i .e. ,  
f o r  p u b l i c  highways 

R a i l  d i e s e l  

Vessel bunker ing 

Expor ts  o f  gasol ine,  j e t  

f u e l  and Bunker C. 

M i l i t a r y  use 

N a t u r a l  gas 
L o s t  o r  unaccounted f o r  

( t r a n s m i s s i o n  & p i p e l i n e )  

f rom gas u t i l i t i e s  

Ref. (8), Tables 4 and 6 

Ref. (5), Table K 

Ref. (9), Table 53, p. 122 

Ref. ( l o ) ,  Table 10 

Ref. (lo), Table 11 
Ref. ( 5 ) ,  Table N 

Ref. (lo), Table 12 

Ref. (5 ) ,  Table D 
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Non-Energy Applications 
Crude oil and LPG 

Asphalt Ref. (ll), Table 5 

Synthetic rubber and other Ref. (12),  Tables 7 and 8 
miscellaneous petrochemical 
uses 

Waxes, lubricating oils, 
medicinal uses, cleaning 

Natural Gas 
Fertilizer 

Residenti a1 and Small Comerci a1 

Ref. (2) 

Ref. (13) 

Natural Gas Ref. (5), Table D 

Crude Oil and other oils Ref. (12), Table 3 
LPG ( heati ng) 

Fuel oil and kerosine Ref. ( l o ) ,  Table 5 

Residual and distillate oil Ref. (lo), Tables 6 and 7 
( heat i ng) 

Miscellaneous "off highway" Ref. ( l o ) ,  Table 14 
diesel 

Electricity Ref. (5), Table C 



Industrial, Government, Agriculture 
etc. - 

Natural gas 

Coal 

E 1 ec tr i city 

Crude oil 

Ref. (5), Table D 

Ref. (7), Table I V  

Ref. (5), Table C 

By difference 

-6- 



coa l  f i r e d  p l a n t s  are a t  Four Corners, Farmington, New Mexico; Navaho 

P l a n t  a t  Page, Arizona; and t h e  Mohave Plant ,  Nevada. Out -o f -s ta te  

h y d r o e l e c t r i c  power i s  f rom t h e  P a c i f i c  Northwest (Bonnev i l l e  Power 
Admin i s t ra t i on )  and t h e  Southwest ( p r i n c i p a l l y  Hoover and Davis Dams on 

t h e  Colorado R ive r ) .  
Conversion f rom f u e l  q u a n t i t i e s  t o  B tu  was made us ing  U. S. Bureau 

o f  Mines f a c t o r s  g iven i n  t h e  Appendix. 
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Comparison w i t h  Past Years 

i n  C a l i f o r n i a  i n  1978 ( F i g u r e  1) i s  t h e  f a c t  t h a t  i t  d i f f e r s  

i n s i g n i f i c a n t l y  f rom t h e  p r e v i o u s  year ( F i g u r e  2 ) .  Al though t h e  I r a n i a n  

r e v o l u t i o n  and associated o i l  cu t -o f f  was i n i t i a t e d  i n  October 1978, t h e  
d i s r u p t i o n  had no impact u n t i l  t h e  f o l l o w i n g  May. The t r a n s - A t l a n t i c  

t r a n s i t  takes about 45 days and a near normal s i t u a t i o n  p r e v a i l e d  i n  t h e  

U.S. f o r  severa l  months f o l l o w i n g  the  I r a n i a n  cutbacks i n  o i l  
product ion. .  The t o t a l  energy demand i n  C a l i f o r n i a  a p p a r e n t l y  l e v e l e d  

o f f  a f t e r  steady increases i n  t h e  pas t  f o r  a l l  b u t  recess ion  years.  By 

c o n t r a s t  i n  t h e  same t i m e  frame (1977-1978) t h e  U. S. consumption r o s e  

The s i n g l e  most notewor thy fea ture  o f  t h e  t o t a l  energy consumption 

2.2% f rom 76.4 quads B t u  t o  78.2 quads. ( 1 4 )  
I n  1978 C a l i f o r n i a  was s t i l l  f e e l i n g  t h e  i n d i r e c t  e f f e c t s  o f  a 

severe drought which af fected energy usage. The drought  a f f e c t e d  t h e  

n o r t h e r n  p o r t i o n  of t h e  s t a t e  more than t h e  southern ( F i g u r e  3 ) .  
I n d i r e c t  e f f e c t s  i n  1977 took t h e  form o f  conserva t ion  o f  many b a s i c  

n e c e s s i t i e s  ( F i g u r e  4 )  and a f f e c t e d  b o t h  n o r t h e r n  and southern halves o f  
t h e  s t a t e .  I t  has been descr ibed as a "conserva t ion  e t h i c "  which 
p r e v a i l e d  d u r i n g  and a f t e r  t h e  p e r i o d  o f  acute water shortage. (15) 

The drought ended when seasonal r a i n s  began t o  r e f i l l  r e s e r v o i r s  i n  
t h e  f a l l - w i n t e r  o f  1977. C a l i f o r n i a  h y d r o e l e c t r i c  power as a consequence 
increased by almost t h r e e f o l d  i n  1978 (F igures  1 and 2 ) .  
h y d r o e l e c t r i c  power a l s o  increased d r a m a t i c a l l y  between 1977 and 1978 b u t  

d i d  n o t  equal  t h e  1976 values of 126 x lo1* Btu.(') 

o i l  usage f o r  power genera t ion  f e l l  18% and 23%, r e s p e c t i v e l y .  T o t a l  
t r a n s m i t t e d  e l e c t r i c a l  energy showed a modest inc rease on t h e  order  o f  4% 
(Tab le  3 ) .  

o f  o t h e r  years  (Table 3 )  i s  t h e  amount o f  f o r e i g n  o i l  corning i n t o  
C a l i f o r n i a  r e f i n e r i e s .  I n  1978 i t  dropped 50%. Impor ts  f rom Indonesia,  

C a l i f o r n i a ' s  l a r g e s t  s u p p l i e r ,  f e l l  15%; and those f rom Arab c o u n t r i e s  
f e l l  78%. By c o n t r a s t ,  C a l i f o r n i a  p r o d u c t i o n  remained about t h e  same and 

Imported 

Natura l  gas and 

Another s i g n i f i c a n t  d i f f e r e n c e  between 1978 energy supply  and t h a t  
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Figure 3 
Water consumption for Los Angeles and t h e  
East Bay in Northern California (Ref. 15) 
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Figure 4 
California residential electrical 
use (climatically adjusted) (Ref. 15) 
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Table 3. 
Comparison of 1978 and 1977 Energy Use in California 

CHANGE - 

Natural Gas 
Crude Oil 

California Source 
Foreign Imports 
Other U. S. 
Domestic/Foreign Exports 
Net Use 

Electricity 
Imports* 
Imp or t s ** 
Hydroelectric 
Geothermal and Other 
Nuc 1 ear 
Gas 
O i  1 
Total Fuel 
Total Transmitted Energy 

Residential/comerci al/f im 
industri a1 

Industrial 

Nonener gy 

Transportation 

1976 

1844 
3886 
1921 
1606 
359 
630 
3256 

158 
267 
94 
79 
51 
3 58 
61 9 
1413 
577 

1406 

1162 

22 2 

2004 

1977 1978 1977 vs. 1978 - -  
lo1' Btu 

1831 
4516 
2027 
1875 
6 14 
796 
37 20 

100 
208 
54 
63 
84 
380 
80 6 
1595 
574 

1253 

1248 

221 

2199 

1724 
4379 
2014 
94 0 
1425 
598 
3781 

121 
203 
144 
54 
81 
312 
619 
1413 
597 

1321 

1088 

239 

2438 

-5.8% 
-3% 
- 1% 
-49.9% 
+132.1% 
-25% 
+l. 6% 

+21% 
-2.4% 

+167% 
- 14% 
-4% 
-18% 
-23% 
-11.4% 
+3.6% 

+5.4% 

-12.8% 

+8.1% 

+lo. 9% 

* As imported MW'h (not energy-fuel equivalents) 
**AS hydroelectric power or coal before conversion to electricity 



impor ts  f rom o t h e r  s ta tes ,  p r i m a r i l y  Alaska, increased by 132%. These 

impor ts  came p r i n c i p a l l y  t o  t h e  ARC0 r e f i n e r y  a t  Carson, t h e  Chevron 
r e f i n e r y  a t  Richmond, and t h e  Exxon r e f i n e r y  a t  Ben ic ia .  A l l  together ,  

C a l i f o r n i a  o i l  demand remained on a par  w i t h  1977. T h i s  occurred because 

t h e  o i l  d i s p l a c e d  by increased hydropower was used by t h e  t r a n s p o r t a t i o n  
i n d u s t r y .  Here usage increased 11% over 1979. T r a n s p o r t a t i o n  i n c l u d e s  
motor and a v i a t i o n  gasol ine,  d i e s e l ,  m i l i t a r y  and bunker ing f u e l s .  

There was a cut-back f rom a l l  sources -- domestic, Canadian and 

i n t e r s t a t e  ( F i g u r e  1) .  

i n d u s t r i a l  users w i t h  i n t e r r u p t i b l e  serv ice .  I n  some ins tances  t h i s  was 

a r e f l e c t i o n  on f u e l  s w i t c h i n g  t o  #5 f u e l  o i l  and #2 d i s t i l l a t e .  I n  
o t h e r s  i t  was due t o  r e l o c a t i o n ,  p r i c e  d r i v e n  conserva t ion  o r  
r e c l a s s i f i c a t i o n  o f  customers t o  o ther  ( h i g h e r )  p r i o r i t i e s  and u t i l i t y  

schedules. I n  1978 t h e  c o s t  o f  n a t u r a l  gas f rom a l l  major  u t i l i t i e s  

s u b s t a n t i a l l y  exceeded t h e  spot  f u e l  o i l  p r i c e s  on t h e  P a c i f i c  Coast 

Demand f o r  n a t u r a l  gas i n  t h e  s t a t e  decreased somewhat i n  1978. 

The b i g g e s t  drop i n  consumption was recorded by 

(15 1. 
O v e r a l l  t h e  i n d u s t r i a l  s e c t o r  used 13% l e s s  energy ( o i l ,  gas and 

e l e c t r i c i t y )  i n  1978 than i n  1977. The h i g h  p r i o r i t y  users ( r e s i d e n t i a l ,  

commerical and then i n d u s t r i a l )  increased t h e i r  combined usage s l i g h t l y .  
The increase occurred d e s p i t e  savings accrued f rom t h e  conserva t ion  e t h i c  

born o f  t h e  drought  and conserva t ion  f o s t e r e d  by t h e  i n v e r t e d  r a t e  

s t ruc tu res . *  The novel  r a t e  s t r u c t u r e s  were f u l l y  implemented by a l l  

p u b l i c  u t i l i t i e s  i n  t h e  s t a t e  by J u l y  1977. 
J u l y  1977 t h e y  were t r a n s i t i o n a l  between t r a d i t i o n a l  " d e c l i n i n g "  b l o c k s  

where increased usage commanded smal le r  u n i t  costs ,  and t h e  i n v e r t e d  

s t r u c t u r e .  

Between November 1975 and 

* r a t e  s t r u c t u r e s  s e t  up so t h a t  u n i t  cos ts  o f  t h e  f u e l  inc rease w i t h  

i n c r e a s i n g  usage. 
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Comparision with the U.S. Data 

energy consumption patterns between California and the nation as a 
whole. California is essentially oil-dependent as some 72% of energy 
used is derived from that one source. By contrast for the U.S. the 
percent is about fifty-one. (16) 
incidental fuel in California. I t  supplies almost 20% o f  the nation's 
1978 energy. These differences are reflections on the West Coast's 
readily available mix of fossil fuels. In addition to an indigenous oil 
and gas industry, in recent years there has been an ample supply of both 
Alaskan and Indonesian crude oils. 
energy supplies in California - Q, 28% - is about the same as that in the 
country as a whole. Electrical usage is somewhat below the national 
average, i.e., 15% versus 26%. 

of all energy generated in California; the national figure is 26%. 
Industrial and residential/commercial use of all fuels in California and 
the nation individually differ by 2-4%, e.g., 18% and 22% for California 
and 22% and 24% for the U.S. respectively. 
discrepancy in transportation usage (40% versus 26%) reflects differences 
in life-style, lack of centralized population and its commonly associated 
mass transit system, and less confining winter weather. 

Reference to Figure 1 and 5 will verify the large difference in 

By the same measure coal is an 

The contribution of natural gas to 

In the end-use categories, transportation dominates by consuming 40% 

Thus the very large 
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APPENDIX: CONVERSION UNITS 

Energy Source Conversion f a c t o r ,  IO6 B t u  

E l e c t r i c i t y  

Coal 

Natural gas 

LPG 

Crude o i l  

Fuel o i l  

Res i dua 1 

Disti 11 a t e ,  i n c l u d i n g  diesel 

Gasoline and av ia t ion  fuel 

Kerosene 

A s p h a l t  

Road o i l  

Synt het i c rubber and m i  s ce 1 1 aneous 

L P G  products 

3.415 per 

22.8 per s h o r t  ton 

1.05 per MCF 

4.01 per ba r re l  

5.80 per bar re l  

6.287 per bar re l  

5.825 per ba r re l  

5.248 per bar re l  

5.67 per bar re l  

6.636 per bar re l  

6.636 per bar re l  

4.01 per ba r re l  
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